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COMPARISON BETWEEN STANDARD AND SMALL ORIFICE RAINGAGES 
F. A. Huff 
Introduction- -The standard gage used for precipitation measurements by the U. S. Weather 
Bureau has a catch diameter of eight inches. In the past severa l years numerous smal l orifice 
gages have appeared on the market. These a re much cheaper than the standard gage, and instal-
lation and maintenance a re simple. Therefore , it would be advantageous to use them where r e -
cording gages a r e not required and where exceptionally large capacity is not needed, if their col-
lection efficiency approaches that of the standard eight-inch gage. Dense networks desi rable for 
various hydrological and agricultural r e sea rch projects could be installed where cos t of standard 
gage networks a r e presently prohibitive for this purpose. 
During 1953-54, an observational program was car r ied out in Illinois to compare the rainfall 
catch obtained from severa l s izes of non-recording gages . Under this program, the catch of four 
small orifice gages was compared with that from the U. S. Weather Bureau standard eight-inch stick 
gage to obtain relat ions between the gages with varying s torm size and wind speed. 
The investigation was undertaken to supplement existing information on the effect of gage s ize 
in rainfall sampling and to evaluate current ly popular types of small orifice gages. Several inves-
t igators have previously studied the effects of gage s ize on precipitation catch. Among these a r e 
CONOVER and NASTOS [1951] who tes ted three-inch and 0.75-inch gages, and DENISON [1941] who 
compared the Canadian 3.75-inch and U. S. Weather Bureau eight-inch gages. These investigators 
obtained resul ts favorable to the use of small gages. A s imi la r conclusion was reached by PURI 
[1931]. Other discussions on the subject have been presented by KLEINSCHMIDT [1935, pp. 275-
288] and by MIDDLETON and SPILHAUS [1953, pp. 120-121]. 
Description of gages- -A brief description of the gages used in the comparative study is given 
in the following paragraphs . Scaled drawings of each gage a r e shown in Figure 1. 
The standard eight-inch stick gage of the U. S. Weather Bureau was employed as a comparison 
standard for evaluating the small orifice gages. The Weather Bureau gage consis ts of an outer 
cylinder having an eight-inch diameter which is connected to a smal ler inner cylinder by means of 
a funnel. The inner cylinder has a c ross-sec t iona l a r ea one-tenth that of the outer cylinder (catch 
area) . Measurements a r e made with a stick graduated in inches and tenths, corresponding to tenths 
and hundredths of an inch of ra in , which is inserted into the inner cylinder through the hole at the 
apex of the funnel. Height of the gage is 26 inches. The gage is supported by a t r ipod, giving an 
overall height of about 33 inches for the entire assembly. Capacity is 24 inches. 
The three- inch gage is essentially a small scale model of the Weather Bureau eight-i,nch gage. 
The catch diameter of the outer cylinder is three inches. Like the Weather Bureau gage, the inner 
cylinder has a c ross -sec t iona l area one-tenth that of the outer cylinder catch a rea and measurement 
is made by means of a graduated stick plunged through the funnel. Total height of the gage is 13.5 
inches and capacity is 12 inches. 
The plastic wedge-shaped gage has a wedge-shaped well on which a measuring scale is im-
printed. The rectangular catch area is 2.5 inches by 2.3 inches. The gage has a capacity of six 
inches and has a metal bracket for mounting on a post. The scale is graduated in hundredths of an 
inch to a depth of two-tenths of an inch, then in 0.02-inch intervals to one inch, and in 0.05-inch 
intervals above one inch. This change in graduation is due to the wedge shape, a feature which p ro -
vides excellent reading accuracy with light to moderate rainfall amounts. Total height of this gage 
is 13.5 inches. 
The 1.15-inch tube gage consists of a cylindrical plast ic tube having a 2/3-inch inside d iameter , 
and containing an aluminum funnel which provides a 1.15-inch diameter catch a rea . Proportion of 
the gage pa r t s is such as to give a catch magnification of 1 to 3. The tube is mounted on an alumi-
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num frame, suitable for mounting on a post. A scale graduated in tenths of an inch is debossed 
in the metal frame. Overall height of the assembly is about 19 inches and gage capacity is six 
inches. 
Fig. 1--Gages used in comparison study 
The 0.8-inch tube gage is the familiar farm fence post type, frequently given away under adver-
tising campaigns by seed and feed companies. The two gages used in this study consisted of a glass 
tube having an 0.8-inch inside diameter mounted on a metal frame provided with a painted graduated 
scale. No magnification of catch is provided with these gages which have a capacity of six inches. 
Data used in analysis--Two sets of small orifice gages were operated in conjunction with two 
standard eight-inch gages from March to November, 1953-54. Consequently, most of the data were 
from shower-type storms. The four small gages in each set were installed at distances of six feet 
from a standard eight-inch gage to form a circular pattern (Fig. 2, Stations B, D). Readings were 
made as soon as possible after the end of each storm to minimize evaporation effects. The cali-
bration of each gage was checked before installation. The level of each gage was checked periodical-
ly and the gages kept as free of dirt, insects and other foreign material as possible. All except the 
three-inch gage were installed on small posts at the level of the eight-inch gage. Since it had no 
provisions for post mounting, the three-inch gage was installed on the ground surface as recom-
mended by the manufacturer. 
Both gage sets were installed at the University of Illinois Airport on level meadow land in the 
middle of a micro-network of eight-inch stick gages, consisting of nine pairs of gages at six-ft 
intervals located 300-ft apart on a rectangular grid pattern (Fig. 2). Thus, a record of the variabil-
ity observed between pairs of standard gages six feet apart was available for comparison with the 
variability obtained between the small and standard gages. Three pairs of 8-inch gages spaced six 
feet apart were used for comparison with the two small gage-standard gage sets (Fig. 2., Stations 
A,C,E) . 
Analysis of data--Analysis of collected data was first made separately for each set of gages. 
However, significant differences did not appear to exist between the sets so they were combined in 
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Fig. 4--Comparison between eight-inch 
and wedge shape gages 
Fig. 5--Comparison between eight-inch 
and three-inch gages 
the final analysis to provide a larger sample for statistical comparisons. Scatter diagrams com-
paring the various small gages and the standard eight-inch gages are shown in Figures 3-7. Exam-
ination of these graphs indicates that the wedge-shaped and three-inch gages compared best with the 
standard eight-inch gage. This is further borne out by the summary in Table 1. In this table, the 
average deviation from the eight-inch gage reading for each small orifice gage has been calculated 
for various storm sizes. A similar calculation between the three six-foot pairs of eight-inch gages 
has been included for comparative purposes. The average deviation has been expressed in both 
inches and per cent. Results presented in the table indicate that the wedge-shaped and three-inch 
gage compare most favorably with the eight-inch gage, followed by the 1.15-inch gage and the 0.8-
inch gage. As might be expected, the smallest deviations were obtained between the pairs of eight-
inch gages. 
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Fig. 6--Comparison between eight-inch 
and.1.15-inch gages 
Fig. 7--Comparison between eight-inch 
and 0.8-inch gages 
Table 1--Comparison of catch between standard and small orifice gages 
Average deviations for given storm s izes (in) All 
s to rms 
Number of 
samples Gage 0 .01" - 0.19* 0.20" • 0.49" 0.50" - 0.99" 1.00" - 2.00" 
8-inch 
2.5-in x 2.3-in 
3-inch 
1.15-inch 
0.8-inch 
inch 
0.003 
0.008 
0.010 
0.020 
0.032 
pet inch 
4 0.005 
10 0.016 
12 0.013 
23 0.027 
37 0.037 
pet 
2 
5 
4 
9 
12 
inch 
0.007 
0.023 
0.018 
0.035 
0.056 
pet inch 
1 0.018 
3 0.030 
3 0.057 
5 0.069 
8 0.124 
pet 
1 
2 
4 
5 
9 
inch pet 
0.006 2 281. 
0.017 4 112 
0.020 4 154 
0.032 7 125 
0.052 12 140 
Some of the comparatively large scatter exhibited by the 0.8-inch gage in Figures 3-7 may be 
attributed to the difficulty in reading amounts to the nearest 1/100 of an inch. The scale on this 
gage is marked off in tenths of an inch and there is no magnification of the catch. The same read-
ing difficulty to a lesser degree was observed with the 1.15-inch gage, and with the wedge-shaped 
gage for amounts above one inch. For small amounts, however, the reading error with the wedge-
shaped gage should have been negligible due to the expanded scale. 
Examination of the data indicated that the wedge-shaped gage and the three-inch gage caught 
the same amount of rainfall on the average as did the eight-inch gage. However, the 1.15-inch and 
the 0.8-inch gage showed a tendency to catch more rainfall than did the standard gage. This was 
particularly true with the 0.8-inch gage, and the tendency was greatest with the light rainstorms. 
Although exceptional care was taken in emptying the gages after each rain, it was thought that 
water draining back from the sides after emptying might be an appreciable factor in the tendency 
for the 1.15-inch and 0.8-inch gages to read high. To check this possibility, the data were reana-
lyzed, omitting all observations occurring within one day of a previous rain. Result of this analysis 
was reduction of the median catch ratio between each small gage and the 8-inch gage from 1.10 to 
1.08 for the 0.8-inch gage and from 1.04 to 1.03 for the 1.15-inch gage. 
To investigate further the tendency of the 1.15-inch and 0.8-inch gages to catch more rainfall 
than the standard gage additional analysis which is summarized in Table 2 was made. Storms were 
classified both by storm size and wind speed, and median ratios between the small gages and the 
standard gage were computed for the various classifications. Limitations of the data prevented 
more detailed classification of wind speeds. The storm size classification is based upon observa-
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tions at the standard gage. Winds speeds are averages for the rainfall period observed with an 
Aerovane wind system located about 0.5 of a mile from the gagas. 
Reference to Table 2 shows a general tendency among the small gages to give higher ratios at 
low rainfall amounts, especially at higher wind speeds (11-20 mph). For a given storm size, a 
general tendency for the ratio to increase with wind speed was observed for the light storms 
(0.01* - 0.49"). Similarly, a tendency for the ratio to decrease slightly with increasing wind speed 
in heavy rainstorms (0.50"- 2.00") was noted. 
Table 2--Effect of wind speed and storm size on catch of various gages 
Median ratio for given storm sizes 
Wind 
speed 
0.01" - 0.19" 0.20" - 0.49" 0.50" - 0.99" 1.00" - 2.00" All 
storms 
mi/hr 2.5 inch x 2.3 inch gage to eight-inch gage 
0-10 
11-20 
1.00 
1.00 
0.98 0.99 
0.99 0.98 
1.02 
0.99 
1.00 
0.99 
0-10 
11-20 
1.00 
1.09 
Three-inch gage to eight-inch gage 
1.00 1.00 1.00 
1.03 1.00 0.97 
1.00 
1.01 
0-10 
11-20 
1.15 
1.25 
1.15-inch gage to eight-inch gage 
1.03 1.00 1.00 
1.02 0.96 0.97 
0.8-inch gage to eight-inch gage 
1.04 
1.02 
0-10 
11-20 
1.30 
1.25 
1.09 1.05 
1.11 1.05 
1.08 
1.05 
1.13 
1.10 
Summary and conclusions --Results of the study indicate that the small orifice gages are satis-
factory for use in place of the standard eight-inch gage for measuring rainfall under most circum-
stances. No tests were made of the gages during snowfall. Of the particular gages tested, the 
wedge-shaped and 3-inch gages gave the best comparison with the standard gage. 
The suitability of the small orifice gages may be further evaluated by reference to Table 3 which 
has been extracted from a report under preparation by the author. The relations shown in this table 
were obtained from observations in shower-type rainfall collected on a 50-gage network within a 
100-sq mi area. Except for light storms, the average rainfall variability in shower-type rainfall 
within a distance of one mile is greater than that between any of the small gages and the standard 
gage shown in Table 1. 
Table 3--Variation of point rainfall with distance 
Storm size 
at given point Average difference at point 
one-mile away 
inch inch pct 
0.10 0.016 16 
0.25 0.033 13 
0.50 0.056 11 
0.75 0.075 10 
1.00 0.094 9 
1.50 0.130 9 
2.00 0.163 8 
No opinion is offered regarding the absolute catch efficiency of the various gages. Comparisons 
were based entirely upon compatability with the Weather Bureau gage which is the generally accepted 
standard for rainfall measurements in the United States. 
No tests were made of the durability of the various gages. The wedge-shaped and 1.15-inch 
gages have plastic containers, while the 0.8-inch gage has a glass container. The manufacturers 
do not recommend their use in freezing weather. The three-inch metal gage does not have this short-. 
coming. 
694 F. A. HUFF [Trans. AGU, V. 36 - 4] 
Before using a small orifice gage, the calibration should be carefully checked. The relatively 
small catch areas employed make them subject to appreciably large observational errors with 
small absolute errors in orifice diameter or measuring scale. 
Because of their small catch volume, exceptional care should be taken to keep the small ori-
fice gages free of dirt, insects and other foreign material. Swabbing out of the small measuring 
tubes after each reading will insure greater reading accuracy by eliminating water draining back 
from the sides and any dirt which may be present. 
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